Abstract
8
We obtained long-term (http://climexp.knmi.nl).
157
To estimate the effect of drought intensity on tree growth, we used the standardized was estimated to the nearest 5% (Schomaker et al., 2007) . Given that estimates of the 175 proportion of crown cover tend to vary among observers and places, the data were always recorded by the first author, who compared every tree with a reference tree with the maximum amount of foliage at each site. Non-declining trees were considered those 178 with a crown cover of > 50% and declining trees those with a crown cover of ≤ 50% 
185
Two cores were taken from each tree at a height of 1.3 m (diameter at breast height, 186 dbh) using a Pressler increment borer. In total, 142 trees were cored, corresponding to 187 64 non-declining trees and 78 declining trees (see Table 1 for site values). The wood 188 samples were air-dried and polished with a series of successively finer sand-paper grits 189 until the tree-rings were clearly visible. Afterwards, the wood samples were visually 190 cross-dated and measured to the nearest 0.01 mm using a binocular microscope and a
191
LINTAB measuring device (Rinntech, Heidelberg, Germany analyses we also included an error term (υ i ) with an AR1 (p=1, q=0) correlation 228 structure in the model to account for the first-order temporal autocorrelation of BAI.
229
The smooth terms were represented using thin plate regression splines (Wood, 2006) .
230
The degree of smoothness was determined by internal cross validation during the fitting 231 process (Wood, 2003) . Calendar year was considered as a covariate representing how 232 the tree ages from its establishment to the date on which the core was extracted (i.e.
233
cambial age), and tree age was entered as a fixed value representing the age of the tree.
234
We calculated GAMMs using the mgcv package (Wood, 2011) .
236

Competition index
237
To quantify the potential effect of recent tree-to-tree competition on dieback, we 238 calculated a distance-dependent competition index (CI) for the three study sites. To the relative probability that model i was the best one for the observed data (Wi). We We did not find significant differences in terms of drought sensitivity and recovery, 
Long-term growth patterns
363
The best-fit GAMMs considered the calendar year, as well as tree age and dbh, with 364 significant effects on BAI in all the cases, except in some cases of tree age for declining 365 and non-declining trees in several sites (Table 3 ). In Cotatuero, the divergent growth 366 patterns of declining and non-declining trees have been accentuated since the severe 367 reduction in growth in 1986, and declining trees showed higher BAI values than non-368 declining trees from the 1940s to the 1960s (Fig. 2) . In Turieto, BAI trends of non- 
376
The linear mixed-effects models showed that the most significant drivers of BAI were
377
August SPEI (wet and cool summer conditions enhance growth) and winter minimum 378 temperatures and precipitation (cold and wet previous winter conditions reduce growth) 379 (Table 4 ; see also Supplementary Material, Table S1 ). In Paco Ezpela, the BAI was also The secondary fungal pathogen Amylostereum chailletii was isolated from eight 389 declining silver firs, which was a frequency significantly higher than expected (Table   390 5). Declining and non-declining trees also hosted Heterobasidion annosum or
391
Trichaptum abietinum at frequencies that were not different from random expectation.
392
Trees hosting the primary fungal pathogen Heterobasidion showed a sharp decline in
393
BAI from 2007 onwards until reaching growth rates that were as low as declining trees 394 (Fig. 3) , whereas trees hosting A. chailletii showed a moderate reduction in BAI from 395 the early 2000s onwards.
Discussion
398
Our study of managed and unmanaged silver fir stands has revealed the different roles 399 played by dieback-causing factors. We were able to assess the relative importance of the 400 evaluated factors in silver fir dieback. The retrospective growth information provided by 401 the tree-ring data revealed that there had been a sharp reduction in BAI since 1986, a 402 year characterized by a severe late-summer drought stress (Fig. 2) than non-declining trees (Fig. 3) .
409
The stands investigated have been subjected to different management history and 410 our findings reveal the role that logging has played in predisposing trees to dieback. Heterobasidion species in all declining trees (Table 5) . Overall, we consider past 449 logging and drought to be predisposing and inciting factors, respectively, in the 450 conceptual framework of dieback proposed by Manion (1991).
451
The results confirmed the major importance of the cumulative late-summer water 452 deficit on BAI of silver fir ( Table 4 ), and that this is the stressor that is particularly accumulative negative effect on growth and performance.
465
In the case of trees at the Turieto site, the BAI decline occurred after the E. 
484
The current competition levels between declining and non-declining trees were not 485 significantly different (Table 2) , which agrees with previous findings in the Pyrenees Silver fir dieback in the three stands investigated in this study cannot be ascribed to 498 the presence of particular fungal pathogens because a high proportion of the declining 499 trees were not infected by primary pathogens but by the secondary pathogens A. 500 chailletii and T. abietinum (Table 5) . We mainly detected primary fungal pathogens
501
(mostly H. annosum) that infected and eventually may kill vigorous trees (Korhonen
502
and Stenlid, 1998), and secondary or opportunistic fungal pathogens (mainly A. suggests that fungi-infested trees have a high level of vulnerability to drought.
521
We have assessed the roles played by several dieback agents such as drought, 
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(blue circles) and trees colonized by secondary fungal pathogens such as Amylostereum 
